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1. INTRODUCTION

What is the problem on the view?

Figure - Global Greenhouse Gas Emissions by the Economic Sector and in the Transport Sector

CO2 Emissions by Economic Sector CO2 Emissions by the Transport Sector
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Source: IEA e IPCC (2014) - The Geography of Transport Systems — (https://transportgeography.org/)
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1. INTRODUCTION

WHAT IS JET-FUEL?

‘e

is the most widely used jet fuel
in the world, including the US.
Its high freezing point (-47 °C) makes
it suitable for long flights when
traveling in severe winter conditions.
Aviation fuels have much stricter
physical-chemical specifications

(ASTM D1655-09) than road fuels.

Jet Al - has a chemical composition
based on iso-alkanes and cyclo-
alkanes
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Source: Diaz-Pérez and Serrano-Ruis, 2020

Fuel Properties

Fuel Propertie Jet A Jet A-1
0.10 Max. (0.015
Acidity, mg KOH/g 0.10 Max. Max for Def. Stan
91-091)

romatics, Vol. % 25 Max. 25.0 Max.
Sulphur, mercaptan,
Wt. % 0.003 Max. 0.0030 Max.
Sulphur, total, W. 0.30 Max. 0.30 Max.
%
10% Distillation, 2C 205 Max. 205.0 Max.
:'c"a' Boiling Point, 300 Max. 300.0 Max.
?lstlllatlon Residue, 1.5 Max. 1.5 Max.
%
Distillation Loss, % 1.5 Max. 1.5 Max.
Flash Point, 2C 38 Min. 38.0 Min.

i °

Density @ 152C, 775 to 840 775.0 to 840.0
kg/m3
Freeze Point, 2C -40 Max -47.0 Max

- - 500
Viscosity @ -20°C, 8.0 Max. 8.000 Max.
mm/s
Net Heat of 42.8 Min. 42.80 Min.

Combustion, MJ/kg

3
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1. INTRODUCTION

Chemical definitions of Jet-Al

is the most widely used jet fuel in
the world, including the US.

* Its high freezing point (-47 °C) makes it
suitable for long flights when traveling in
severe winter conditions.

e Aviation fuels have much stricter
physical-chemical specifications (ASTM
D1655-09) than road fuels.

e Jet Al - has a chemical composition
based on iso-alkanes and cyclo-alkanes

35%
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Source: Diaz-Pérez and Serrano-Ruis, 2020

JetA

Acidity, mg KOH/g 0.10 Max.

Aromatics, Vol. % 25 Max.

Sulphur,
mercaptan, Wt. %

OS/quhur, total, Wt. 0.30 Max.
(]

10% Distillation, 2¢C 205 Max.

Final Boiling Point,
°C

Distillation Residue,
%

300 Max.
1.5 Max.
Distillation Loss, % 1.5 Max.

Flash Point, °C 38 Min.

Density @ 15°C,

ke/m3 775 to 840

Freeze Point, 2C -40 Max

Viscosity @ -20°C,

8.0 Max.
mm/s

Net Heat of .
Combustion, MJ/kg el

0.003 Max.

Jet A-1

0.10 Max. (0.015
Max for Def. Stan
91-091)

25.0 Max.

0.0030 Max.

0.30 Max.

205.0 Max.

300.0 Max.
1.5 Max.

1.5 Max.

38.0 Min.
775.0to 840.0
-47.0 Max

8.000 Max.

42.80 Min.
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2. PATHWAYS

SAF PRODUCTION
SAF pathways FEEDSTOCK
Products
Gasification with Fischer Tropsch
Lignin E2G, ] » SPKh
SCW, cellulignin Biomass Pre-treatment Gasification F|scher-Tro'psch Refmln_g/ N.ap ta
synthesis Separation Diesel
and others Eletricity
How the Alcohol to Jet (ATJ) SPK
pOSSible Ethanol Ethylene
/ CH.CH-OH Dehydrataion Oligomerization Distillation Hydrogenation Electricity
pathways to (CH3CH,0H) Distillers’s dried grains
. with solubles
SAF in the Direct Sugars to Hydrocarbons (DSCH)
Brazilian SiPK
d ) a Sugars Yeast
scenario? / (C5 and Cé) Distillers’s dried grains
Eletricity
Pyrolysis to Jet
Lienin E2 SPK
SCVIV%TQIIEHZ;M Biomass Pre-treatment Fast Pyrolysis Hydroprocessing Separation g:;l;:a
and others Eletricity
Hydroprocessed esters and fatty acids (HEFA)
Vegetable and . SPK _
waste oils, Oil Extration Hydrotreatmt.ent Isomeratization Selectlve' Separation Naphta, Diesel
. Decarboxylation Hydrocracking Propane
animal fats LPG
Protein meal




2. FEEDSTOCK

Figure — Feedstock suitable for SAF production Figure — Feedstock families and its constraints

High
Oil seed plants and Algae ?_r)
energy grasses
Renewable energy
_ and carbon
Fats, oils, and A 4 Fischer-Tropsch
Municipal solid greases from Municipal Wood and agricultural
waste cooking waste and Cost of solidwaste ) residue
meat production production Fischer-Tropsch Technologies to convert
second generation biomass
e.g. pyrolysis
Agricultural and . Oils and fats Sugar and cereal
; 9 id Industrial carbon Hydroprocessed esters First generation
orestry residue monoxide waste gas 1 and fatty acids (HEFA) alcohol to jet
ow
Graphic by Emma Johnson, EESI Limited Feedstock potential Abundant

Key: Main feedstock fami
Main production tech

Source: eesi.org

Source: Air bp. (timesaerospace.aero)




3. HYBRID ROUTES FOR SAF PRODUCTION

As the best way to take advantage of the entire lignocellulosic
chain (Holocellulose + lignin) in liquid fuels?

One possible solution:
Db
; HO
o~ oS . to o THERMOCHEMICAL + BIOCHEMICAL
! e ; ke
..,E' ! ) l{ '.J_{;.—{ Hgﬂ—{:.___':.:il HO =i
}oo A 4 hWo . 4 4o
Hll::I.-' ’I: oty ~ }_ 1___C'I'I o ¥ % .;.-; 1 P -
HO., P Oifle | \ b b
OMe . HE {, . |l
HO. OHY P —Ome oH 0
" THERMOCHEMICAL :
MeO._ = _ome LIBNIN pg’ L meo B-0-4 gy | HO—~-OH S BIOCGEMICAL: Conversion _
T T’ g P ] .Depollr’r)erlz'atlon ofthe these intermediates in FINAL STEP: Alcohol to Jet
e v biomass into intermediate Alcohols technology
| L, fuel (gas or bio-oil stream)
Hﬂ-'- '\-\._v_.
! 0
Cellulose
o | Examples
oA L Sl | |
b 1) Fermentation of pyrolytic sugars
ncl__r___‘-;,f

2) Gas fermentation (FT or Fermentation)



3.1 EXAMPLE 1 - FERMENTATION OF PYROLYTIC
SUGARS

BIOMASS FAST PYROLYSIS
Bio-oil is the main product?

Thermochemical o _
decomposition of organic  Yjeld — 40 — 70% wt  What is Bio-Qil?

matter in the absence of

LIGNOCELULOSIC
amounts of oxygen. This Figure — Bio-oil from Sugar Cane straw produced in IPT
ORGANICA WASTE process occurs at high
temperatures, generally
between 400 - 600 °C at Yield — 10 — 30% wt aleohols ML -
high heating rates — '
B i ocC h ar ‘ Heterocyclic Carboxylic
compounds Acids
HEAT B 2 ace}:zljzmxydes
t . olig'::a::s::i:)r.ides Monomeric *
I anhydrosugars
o Pyrolytic Gas : A
voremarc W wonetc
compounds Hgnin
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3.1 EXAMPLE 1 - FERMENTATION OF PYROLYTIC
SUGARS

Figure — Bioupgrading of fast pyrolysis of Biooil from fast pyrolysis ETHANOL: (CH,CH,) or
Mixed Alcohols (C, —C,)

Hydrophobic fraction
)
Fuel Dehydrataion
Substrates \BI o-u pg radin g Chemical
— ’ : _p Oligomerization
) | Bioproducts AT
\ / F @ (Alcohol-to-Jet)

Hydrophilic fraction  Inhibitors @ S for SAF production Distillation
ikk é

Adaptive Pathway Consortium
evolution  design engineering

Fast pyrolysis Hydrogenation
Microbial catalyst development

Sustainable Aviation Fuel
(5AF)

Source: - Adapted from Ashoor et al. 2023
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3.2 EXAMPLE 2 — BIOSYNGAS (FROM
GASIFICATION) FOR SAF

AF T
"42?@ Produtos
= 0

0
5
. s Conversio de um = H, e
What is Syngas: combustivel = CH <
Its mixture of H,+CO e - 4 2
that can be obtain em un(ll = HC’s leveis Sistema IQaseS
from biomass . T T 5 de 'Mpos
gasification combustivel > . COZ § — limpeza >
gasoso - N, | g de gases
Biomassa: CxHyOszNv :Hzog’
= Alcatrao o
= H,SeCOS (3
| E
- (enxofre) 3 Contaminantes
* NH;eHCN 3
@

(nitrogénio)
_________________________ I m
Rendimento energético 'Ipt. g sio

~50 a 80 %




3.2 EXAMPLE 2 — BIOSYNGAS (FROM
GASIFICATION) FOR SAF

Particles
and tar

’ recycling
Biomass

A xiliary

fuel

Ash

Circulating
bubbling Bed

Pyrolysis
| Gasification

Oxidation

Biomass

Biomass

Reduction
p—) Gas

Down-draft

Gasification

agent

o/

Dual fluidized
bed system

Combustion

Air

Bottom
air

Choice depends:
Which is the most adequate scale
Which products are desired

Bubbling Bed
Biomass
What to do
Gflt/ with raw syngas
m— \\ater
| et fr.om de
Quenching ? Gas bIOmaSS
Wsinr gasification?
bath
Slag
discharge

Entrained flow
gasifier
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3.2 EXAMPLE 2 — BIOSYNGAS (FROM
GASIFICATION) FOR SAF

Cleaned biosyngas (H2 + CO +/- CO,)

THERMOCHEMICAL - Fischer-Tropsch BIOCHEMICAL - Fermentation to Alcohols
General Process Conditions: Fe or Co supported catalyst, General Process Conditions: Clostridium ljungdahlii
200 — 350°C, H2:CO = 2:1, Strains, mesophilic range: 25 — 40°C, CSTR, Buble Collumn,
FB or Slurry Reactor, GHSV =5000 NL/h.kg.,,) Gas Lift etc)
Blosyrges a Ao '~ Feadsiodk ) Thermodharmicai roces T ™ Biologieal rocass 1 Downstrear process
..... = — . : | | Product separation :
\ Electricity | | CO-rich off gay[ I (Symgen (GO)) Syngas fermentation | 1—] :
ya (for use in plant) I | Gasification C 0. H.) | :
LOO > B | ' I n e — [t I ®—
1 I Biomass | I Alcohols
Biomass la light product : - f—} : | :
I I ( R
i Coal : r : : I
— = Gas cleani ] [
| Fischer-Tropsch b J—t+> R | | l
Diesel ' | Animal wastes| | I I '
1\ S | | I :
rulrra-pu_re mgh-qgamy | /W\ I | |
designer fuel) : L solid wastes I | I :
\_} I | Air or steam I | | manipulated microorganisms || ] T [
I L | I ! | kCnrb()\_\'lic acids ]
Schematic line-up of the integrated BTL plant. e e i S s

Source: - Sun et al. 2023
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